Alcohol use adversely impacts the life of millions of people worldwide. Deficits 21 in synaptic transmission and in microglial function are common findings in human 22 alcohol users and in animal models of alcohol intoxication. Here, we show that 23 alcohol intake over ten consecutive days resulted in substantial loss of excitatory 24 synapse in the prefrontal cortex, a consequence of aberrant synaptic pruning, which 25 led to increased anxiety-like behavior. Mechanistically, these effects of alcohol intake 26 were mediated by a detrimental increase of microglia engulfment capacity via Src-27 dependent activation of NFkB and consequent TNF production. Accordingly, 28 pharmacological blockade of Src activation or TNF production by microglia, genetic 29 ablation of TNF, or diphtheria toxin-mediated conditional ablation of microglia 30 attenuated aberrant synaptic pruning preventing excitatory synapse loss and anxiety-31 like behavior. Overall, our data suggest that aberrant pruning of excitatory synapses 32 by microglia might disrupt synaptic transmission during alcohol use.
cortex. Indeed, we found that the number of excitatory synapses, evaluated by 240 double-labeling immunohistochemistry against the post-synaptic protein PSD-95 and 241 the pre-synaptic protein vGlut1, was significantly decreased in prefrontal cortices of 242 mice exposed to EtOH (Fig. 5E) . The loss of PSD-95 + /vGlut1 + puncta elicited by
243
EtOH intake was completely prevented in TNF KO mice (Fig. 5E) . Furthermore, the 244 EtOH-induced decrease of PSD-95 + /vGlut1 + puncta was abrogated in microglia-245 depleted mice (Fig. 5F) . Paralleling this decrease of excitatory synapse number,
246
EtOH intake also decreased, in a microglia-dependent manner, the amounts of PSD-247 95 and vGlut1 in the prefrontal cortex ( Fig. 5G) , indicating that TNF production by 248 microglia leads to loss of excitatory synapses in the prefrontal cortex following EtOH 249 intake.
250
Loss of synapses can be a consequence of increased neuronal cell death.
251
However, we found that the number of neurons (stained with NeuN) in the prefrontal 252 cortex was not significantly different between EtOH-subjected and water-treated mice 253 (Suppl. Fig. 3H) . Interestingly, the numbers of excitatory synapses in the CA1 region 254 of the dorsal hippocampus of EtOH-subjected mice were not significantly different 255 from those of water-treated littermates (Suppl. Fig. 4A ), which may help to explain 256 the specificity of the behavioral phenotype elicited by EtOH.
257
In pathological conditions, such as in Alzheimer's disease, microglia can 258 phagocytose and prune healthy synapses, a process termed synaptophagy [7] . We 259 hypothesized that the EtOH-mediated loss of excitatory synapses in the prefrontal 260 cortex could be a direct consequence of excessive engulfment of synaptic structures 261 by microglia. To assess the engulfment of synapses by microglia we prepared 262 synaptosomes (to isolate synaptic terminals) from the prefrontal cortex of adult mice 263 and incubated microglial cultures with them. Indeed, immunofluorescence labeling of 264 PSD-95 confirmed that microglia efficiently engulfed synaptosomes prepared from 265 the prefrontal cortex ( Fig. 6A) , further confirming that microglia actively phagocytose 266 synapses in steady state conditions. However, cultured microglia exposed to EtOH engulfed significantly more prefrontal cortex synaptosomes than control microglia 268 ( Fig. 6A) . To further corroborate the excessive EtOH-mediated engulfment of 269 synaptic structures, microglia cultures were incubated with synaptosomes prepared 270 from the prefrontal cortex of Thy1-YFP mice. Measuring microglia engulfment 271 capacity by flow cytometry revealed that microglia exposed to EtOH displayed 272 significantly increased engulfment of YFP + synaptosomes compared with control 273 microglia ( Fig. 6B) . Blocking TNF with the neutralizing antibody adalimumab 274 (HUMIRA) completely prevented the engulfment of YFP + synaptosomes elicited by 275 exposure to EtOH (Fig. 6B) . To investigate whether microglia exposed to EtOH 276 engulfed more synapses in vivo, the amount of PSD-95 + puncta within the cell body 277 of Iba1 + microglia was evaluated by immunofluorescence on prefrontal cortex tissue 278 sections. Confocal imaging coupled with 3D cell surface rendering revealed that 279 Iba1 + microglia from the prefrontal cortex of mice exposed to EtOH contained 280 significantly more PSD-95 + puncta within their cell bodies than prefrontal cortex 281 microglia from mice treated with water ( Fig. 6C) . This microglial engulfment of 282 prefrontal cortex postsynaptic elements required TNF signaling because no 283 significant differences in the engulfment of PSD-95 + puncta were observed in TNF 284 KO mice exposed to EtOH (Fig. 6C) 
286
4B) nor triggered the production of TNF in the dorsal hippocampus (Suppl. Fig. 4C ).
287
In line with the view that EtOH intake increases microglia engulfment 288 capacity, mice exposed to EtOH displayed a TNF-dependent upregulation of the 289 microglia engulfment module (represented by transcripts coding for Adam12, Apoe,
290
Axl, Ccr1, CD93, Cybb, Lyz2, Mrc1 and Siglec1) [32] ( Fig. 6D ) and also had a TNF-291 dependent increase of prefrontal cortex microglia expressing the phagocytic marker 292 CD68 (Fig. 6E) . In this context, TNF signaling enabled microglial phagocytosis 293 because EtOH increased the phagocytic activity of cortical microglia from wild-type 294 mice but not of cortical microglia from TNF KO mice (Fig. 6F) . These data suggest analyses evaluating anxiety-like behavior were carried out 120 min after the last 341 intake of EtOH, a time frame in which intake of 1.5 g/Kg leads to 100-120 mg/dl of 342 EtOH in the blood of adult mice [46, 47] . Therefore, the increased anxiety-like 343 behavior we found in mice exposed to EtOH likely reflects a more persistent anxious 344 state driven by consecutive EtOH intake rather than withdrawal-induced anxiety.
345
Microglial clearance activity varies significantly across different brain regions 346 [32] . Because of this regional difference in microglia clearance activity it is 347 conceivable that prefrontal cortex microglia were more prone to engulf and prune 348 synapses than their hippocampal counterparts upon exposure to alcohol. Identifying 349 the precise mechanisms underlying such regional differences warrant future in-depth 350 studies focusing on the characterization of microglial heterogeneity.
351
The 386 RRID:IMSR_JAX:021160) mice were used to study brain microglia in this work.
387
These mice express a Cre-ERT2 fusion protein and an enhanced yellow fluorescent 388 protein (EYFP) from endogenous Cx3cr1 promoter. EYFP fluorescence is observed 389 in more than 95% of Iba1 + microglia in the brain [15] . 
579
Open field (OF): Mice were placed in the center of an OF apparatus (40 x 40 580 x 40 cm) and then allowed to move freely for 10 min. The total distance travelled, as 581 well as locomotion in the peripheral zone and center zone of the apparatus were 582 obtained automatically using video tracking. 
614
containing microglia, was re-suspended in culture medium, and cells were seeded in 615 poly-D-lysine-coated 6 or 12-well culture plates at 2.5 x 10 5 cells/cm 2 with DMEM F12
616
GlutaMAX™-I supplemented with 10% FBS, 0.1% gentamicin and 1 ng/ml GM-CSF.
617
Purified microglia were cultured for 5-8 days. Immunolabeling with CD11b showed a 618 purity of 95-99% for these cultures. 
631
YFP were euthanized in a CO 2 chamber. Their prefrontal cortex was collected and 632 homogenization was performed using a Dounce tissue grinder (~10 strokes). The
633
homogenate was centrifuged at 1200 x g for 10 min and the pellet was discarded.
634
The supernatant was centrifuged at 15000 x g for 20 min. 
